The effect of a pre-exercise energy sport drink on the acute hormonal response to resistance exercise was examined in eight experienced resistance trained men. Subjects were randomly provided either a placebo (P: maltodextrin) or the supplement (S: combination of branched chain amino acids, creatine, taurine, caffeine, and glucuronolactone). Subjects performed 6 sets of no more than 10 repetitions of the squat exercise at 75% of their 1 repetition maximum (1RM) with 2 minutes of rest between sets. Blood draws occurred at baseline pre-exercise, immediately post-(IP), 15 minutes post-(15P), and 30-minutes post (30P) exercise for measurement of serum growth hormone, total and free testosterone, cortisol, and insulin concentrations. Although significant differences were seen only at set 5, the total number of repetitions and training volume tended (p = 0.08) to be higher with S compared to P. Serum growth hormone and insulin concentrations were significantly higher at 15P and IP, respectively, in S compared to P. Results suggest that a pre-exercise energy S consumed 10 minutes before resistance exercise can enhance acute exercise performance by increasing the number of repetitions performed and the total volume of exercise. The enhanced exercise performance resulted in a significantly greater increase in both growth hormone and insulin concentrations, indicating an augmented anabolic hormone response to this pre-exercise S.
INTRODUCTION
T he important role that essential amino acids have in increasing protein synthesis is well acknowledged. It has been shown that resistance exercise can sensitize skeletal muscle to amino acid ingestion by enhancing the magnitude of protein synthesis after exercise sessions (34) . To maximize the effect of the resistance training session, the timing of amino acid or protein intake appears to be of importance. Greater stimulation of net muscle protein balance is seen when essential amino acids are provided immediately before or within 1 hour of resistance exercise (6) . Branched-chain amino acids (BCAAs), composed of leucine, isoleucine, and valine, account for 35-40% of the essential amino acids in the diet (29) . In addition to enhancing protein synthesis, the BCAAs are reported to reduce muscle soreness and muscle fatigue after resistance training exercise protocols (30) .
Creatine is an amino acid derivative synthesized from arginine, glycine, and methionine in the liver, kidneys, and pancreas. It has been shown to be effective in enhancing strength and power performance and increasing lean body mass (25, 31, 33) . Most studies examining creatine supplementation generally employed a week-long loading phase (20 gÁd 21 ) followed by daily maintenance doses (5 gÁd 21 ). However, dosing protocols incorporating only a loading dose have also been shown to be efficacious in eliciting strength and power performance improvements during short-duration (1 week) training studies (9, 11) .
Though the efficacy of these 2 supplements has been well established, the combination of creatine and BCAAs has not been extensively examined. Recently, the sport supplement industry has begun to market these nutritional supplements in combination as high energy drinks with the addition of taurine, caffeine, and glucuronolactone to enhance endurance, anaerobic exercise performance, and alertness (1, 27) . They have also been shown to be the most frequently used supplements by American collegiate athletes (12) . The combination of these ingredients consumed before a resistance exercise session may provide an enhanced stimulus to the acute bout of exercise. To date, studies examining the effect of a stimulant (primarily caffeine) during anaerobic exercise performance have been unable to demonstrate any consistent efficacy (20) . However, a recent study has suggested that when stimulants or energy compounds are provided in combination, the ergogenic effect may be enhanced (18) . Thus, it was the purpose of this study to examine the effect of the supplement combination (BCAAs, creatine, caffeine, taurine, and glucuronolactone) on the quality of a resistance exercise session as reflected by training volume and its subsequent effect on the acute hormonal response to this exercise and supplement stimulus.
METHODS

Experimental Approach to the Problem
This study was conducted using a double-blind, crossover design and involved 8 experienced resistance-trained collegeage males. Subjects reported to the Human Performance Laboratory (HPL) on 5 separate occasions. During the initial visit, subjects performed a maximal strength test (1 repetition maximum (1RM)) with the squat exercise. In the second and third visits (72 hours between each visit), subjects performed familiarization sessions with the exercise protocol (6 sets of up to 10 repetitions with 75% of their 1RM with and a 2-minute rest between sets). Subjects then began a 1-week creatine-loading phase (20 gÁd 21 ) in which they were permitted to maintain their normal training routine. Subjects then returned to the HPL for their final 2 exercise sessions. Upon arrival to the laboratory, a cannula was placed in superficial forearm vein. Subjects were then provided either a supplement (S) or a placebo (P) in randomized order. Ten minutes after consumption of the pre-exercise drink, subjects began the experimental protocol. Blood draws were obtained pre-exercise (PRE), immediately post-exercise (IP), and 15 (15P) and 30 (30P) minutes post-exercise
Subjects
Eight experienced resistance-trained college-age males (age, 20.3 6 1.6 years; height, 183.4 6 5.5 cm; weight, 91.8 6 5.7 kg; $3 years of resistance training experience) volunteered for this study. Following an explanation of all procedures, risks, and benefits, each subject gave his informed consent before participation in this study. The Institutional Review Board of the college approved the research protocol. Subjects were not permitted to use any additional nutritional supplementation and did not consume anabolic steroids or any other anabolic agents known to increase performance. Screening for steroid use and additional supplementation was accomplished via a health questionnaire completed during subject recruitment.
Testing Protocol
The investigation was performed as a double-blind, randomized, crossover design. Subjects initially reported to the HPL for maximal strength testing (a 1RM) on the free weight squat exercise. Following 1RM testing, subjects reported back to the HPL to begin 3 familiarization sessions with the exercise protocol. At least 3 days of rest was provided between each familiarization session. Subjects then began ) in which they were permitted to maintain their normal training routine, after which they returned to the HPL for the 2 experimental sessions. Creatine consumption using this loading dose continued during the experimental sessions. Because creatine is ergogenic, the loading phase was employed to negate the acute effects of creatine supplementation.
On the days of the experimental testing sessions, the subjects arrived at the HPL after an overnight fast. After the initial baseline blood draw, after a 15-minute equilibrium period, subjects were randomly provided either P (maltodextrin) or S drink. A 10-minute rest period was provided from the time the subjects consumed the drink until they began warming up for the resistance exercise protocol. The warm-up consisted of 5 minutes of light stationary cycling at a self-selected cadence and 5 minutes of light stretching and 2-3 light to moderate sets of the squat exercise. Thus, subjects initiated the resistance exercise protocol 20 minutes after consumption of the S or P. During each experimental session, subjects performed 6 sets of the squat exercise with a load that was equivalent to 75% of their measured 1RM. A 2-minute rest period was provided between each set. Subjects were encouraged to perform up to 10 repetitions per set. Subjects returned 3 days later and were provided the other condition and repeated the exercise protocol. Repetitions not completed in the full range of motion were not counted. The volume of each set was calculated as the number of complete repetitions completed 3 resistance used. All experimental testing sessions occurred at the same time of day. The experimental design is depicted in Figure 1 .
Maximal Strength Testing
The 1RM squat test was performed using methods previously described by Hoffman (16) . Each subject performed a warmup set using a resistance that was approximately 40-60% of his perceived maximum and then performed 3-4 subsequent trials to determine the 1RM. A 3-to 5-minute rest period was provided between each trial. The squat exercise required the subject to place an Olympic bar across the trapezius muscle at a self-selected location. Each subject descended to the parallel position, which was attained when the greater trochanter of the femur reached the same level as the knee. The subject then ascended until full knee extension. Trials not meeting the range of motion criteria were discarded.
Blood Measurements
During each experimental session, blood samples were obtained PRE, IP, 15P, and 30P. All blood samples were obtained using a 20-gauge Teflon cannula placed in a superficial forearm vein. The cannula was maintained patent using an isotonic saline solution (with 10% heparin) placed in a 3-way stopcock with a male luer lock adapter. PRE blood samples were drawn after a 15-minute equilibration period before exercise. IP blood samples were taken within 15 seconds of exercise cessation. All blood samples were drawn with a plastic syringe while the subject was in a seated position. Following the resistance exercise protocol, subjects were seated and remained seated for the full 30-minute recovery phase.
Blood samples were collected into 2 Vacutainer tubes, one containing SST gel and clot activator and the second containing ethylenediamine tetraacetic acid. A small aliquot of whole blood was removed from the second tube and used for microcapillary determination of hematocrit. The remaining blood in that tube was used for hemoglobin analysis. The blood in the first tube was allowed to clot at room temperature and subsequently centrifuged at 1500g for 15 minutes. The resulting serum was placed into separate 1.8-mL microcentrifuge tubes and frozen at 280°C for later analysis.
Biochemical and Hormonal Analyses
Serum testosterone, growth hormone, cortisol, free testosterone, and insulin concentrations were determined using enzyme immunoassays and enzyme-linked immunosorbent assays (Diagnostic Systems Laboratories, Webster, TX and Alpco Diagnostics, Salem, NH, respectively). Determinations of serum immunoreactivity values were made using a SpectraMax340 Spectrophotometer (Molecular Devices, Sunnyvale, CA). To eliminate interassay variance, all samples for a particular assay were thawed once and analyzed in the same assay run. All samples were run in duplicate with a mean intraassay variance of ,10%. The detection limits of the testosterone, growth hormone, cortisol, free testosterone, and insulin assays were 0.14 nmolÁL St. Louis, MO). Hematocrit was analyzed in triplicate from whole blood via microcentrifugation (Micro-MB centrifuge; IEC, Needham, MA) and microcapillary technique. Plasma volume shifts after the workout were calculated using the formula of Dill and Costill (10) . Serum lactate and glucose concentrations were determined with an Analox GM7 enzymatic metabolite analyzer (Analox Instruments USA, Lunenburg, MA).
Supplement Composition
S is commercially marketed as Amino Shooters (Champion Nutrition Inc., Concord, CA) and consisted of 19 g of a powder containing essential BCAAs (3000 mg L-leucine, 1100 mg L-isoleucine, and 1100 mg valine), essential amino acids (1100 mg L-lysine, 300 mg L-methionine, 1100 mg L-phenylalanine, 700 mg histidine, 1100 mg L-threonine), 5000 mg creatine monohydrate, 1500 mg L-taurine, 350 mg glucuronolactone, and 110 mg of caffeine) and mixing it with 500 mL of water. The nutritional composition per serving of the supplement was 45 calories with 0 g of fat and 0 g of carbohydrate. P consisted of an equivalent amount of maltodextrin mixed with water. The nutritional composition per serving of P was 60 calories with 14.9 g of carbohydrates and 0 g of both fat and protein.
Both drinks were fruit punch flavor and indistinguishable in appearance and taste.
Statistical Analyses
Statistical evaluation of the data was accomplished by a repeatedmeasures analysis of variance. In the event of a significant F ratio, least significant difference post hoc tests were used for pairwise comparisons. In addition, dependent t-tests were used to analyze the area under curve (AUC) for hormonal measurements, which were calculated by a standard trapezoidal technique. Dependent t-tests were also used to analyze total repetitions and total training volume performed during the exercise protocols. A criterion a level of p # 0.05 was used to determine statistical significance. All data are reported as mean 6 SD.
RESULTS
The number of repetitions completed per set and the volume of exercise per set are shown in Figures 2 and 3 , respectively. A significant increase in the number of repetitions and volume of exercise was seen with S compared to P in set 5 of the exercise protocol. No other significant differences between sets were observed. The total number of repetitions performed during the exercise protocol tended to be higher (p = 0.08) with S (51.0 6 5.0 repetitions) than with P (47.9 6 8.2 repetitions). Similarly, the total volume of exercise also tended to be higher (p = 0.09) with S (15,939 6 1524 kg) than with P (14,927 6 2415 kg) as well.
No significant increases from PRE were seen in glucose concentrations for both S (5.30 6 0.40 mmolÁL 21 ) and P (5.50 6 1.12 mmolÁL 21 ). Lactate concentrations were significantly increased IP for both S (17.8 6 5.7 mmolÁL ), and remained increased from PRE throughout the 30-minute recovery period, but no significant group differences were observed.
The acute growth hormone response to the exercise protocol can be seen in Figure 4A . Significant increases from PRE were seen at both 15P and 30P for S, while a significant increase from PRE was seen at 30P for P. The increase in growth hormone at 15P was significantly greater for S compared to P. No other significant between group differences were noted. AUC analysis for growth hormone concentrations ( Figure 4B ) revealed a significant difference between the groups. Significant 25% and 37% increases from PRE were seen in total testosterone concentration at both IP and 15P, respectively for S. A 10% increase was seen at these same time points with P, but these increases were not significantly different from PRE. In addition, no significant differences were seen between S and P at any time point. AUC analysis for total testosterone revealed no significant between-group differences. No significant differences from PRE were seen in free testosterone in either experimental group. In addition, no between-group differences were seen at any time point. Figure 5A shows the response of free testosterone to the exercise protocol. AUC analysis also failed to demonstrate any significant difference in free testosterone between exercise sessions ( Figure 5B ). Figure 6A shows the response of cortisol to the exercise protocol under both experimental conditions. A significant in free testosterone at 15P from PRE was seen with S, but no other changes from PRE were seen with S and no significant changes at any time point from PRE were seen with P. AUC analysis ( Figure 6B) showed no difference between the groups.
The response of insulin to the experimental protocols can be seen in Figure 7A . No significant differences from PRE were seen with either S or P. However, insulin concentrations with S were significantly higher IP than with P. Figure 7B depicts the AUC analysis for insulin concentration. No significant difference was noted between S and P.
Plasma volumes decreased 229.1 6 11.0% and 222.1 6 9.8% IP with S and P, respectively. However, the difference between these groups was not significant. Average plasma volume shifts at 15P and 30P ranged from 20.3 6 8.1% to 211.9 6 3.7% with S and P, but no significant differences between the groups were observed. However, blood variables were not corrected for plasma volume shifts due to the importance of molar exposure at the tissue level.
DISCUSSION
The results of this study indicate that a pre-exercise S containing a combination of BCAAs, creatine monohydrate, taurine, glucuronolactone, and caffeine does enhance performance during a resistance exercise training session as reflected by an increase in the number of repetitions performed and training volume. Considering that acutely ingested BCAAs and creatine are not known to have an effect on acute exercise performance, the mechanism stimulating the enhanced training session is likely the result of the high energy compounds (e.g., taurine, glucuronolactone, and caffeine) found in the S. These compounds are typically marketed as sports energy drinks, and this study appears to be one of the first investigations to demonstrate the efficacy of these Ss during a heavy resistance exercise session. The S used in this study was developed to enhance acute resistance training performance. The inclusion of creatine monohydrate and BCAAs in the S was to enhance muscle recovery (i.e., BCAAs) from acute exercise stress and the maintenance of high muscle creatine levels. The amount of creatine found in this S is the equivalent of a typical maintenance dose. To ensure that all subjects had maximized muscle creatine stores, subjects were required to creatine load for 1 week before the experimental sessions. Subjects continued to supplement with creatine (maintaining the loading phase regimen) until they completed both experimental sessions (within 5 days). As a result, any differences seen between experimental sessions are not considered to be influenced by the creatine content of the S.
The physiological importance of BCAAs in regards to an acute training session is limited. Although BCAAs are reported to reduce muscle soreness and muscle fatigue after resistance training exercise protocols (30) , this appears to be only effective after several weeks of supplementation (24) . There are no studies to date that have demonstrated acute performance improvements from BCAA supplementation during an acute resistance training session. Thus, the performance improvements seen in this study appear to be attributed to the other compounds associated with this S.
Previous studies have shown that taurine ingestion can improve endurance performance (27, 35) ; however, the ability of taurine supplementation to enhance resistance training performance has not been examined. Although in laboratory studies using mammalian skeletal muscle, taurine has been shown to enhance force production in skinned fasttwitch fibers (3, 15) , these studies have not been conducted on humans. Furthermore, previous studies examining the efficacy of taurine ingestion in humans have used longer duration study protocols, and no studies appear to have been conducted focusing on the acute ingestion of taurine and its potential ergogenic benefits. This study appears to be the first to provide evidence suggesting that acute ingestion of taurine when combined with caffeine and glucuronolactone may improve resistance training performance.
The role that caffeine has in enhancing resistance training performance is not well understood. Some have suggested that caffeine can enhance force and power production through enhanced calcium release from the sarcoplasmic reticulum (26) , while others have suggested that caffeine can increase catecholamine secretion (8) . Although several investigations were unable to see any improvements in power performance after caffeine ingestion during a Wingate anaerobic power test (5, 18) , other studies have demonstrated improved isometric force production (21) and 6-second maximal cycle ergometer sprints (2) from caffeine supplementation. Recently, Beck et al. (4) demonstrated that acute caffeine ingestion resulted in significant improvements in maximal upper body strength, but no improvements in maximal lower body strength or training volume for both modes of exercise were found.
No studies appear to have examined the effect of glucuronolactone ingestion on exercise performance. However, when ingested with taurine and caffeine, the combined S has been shown to improve cognitive function, alertness, and physical performance (1) . This study appears to be the first examination of a S marketed as an energy drink designed to enhance resistance training performance. The individual ingredients of this S have either not been examined or have shown inconsistent results as it relates to anaerobic exercise performance. However, the significantly greater number of repetitions performed and total volume of training for set 5 and the trend seen toward a greater number of repetitions (p = 0.08) performed and total volume of training (p = 0.09) during the workout indicate that the combination of these ingredients appears to provide an effective stimulus in improving acute resistance exercise performance. The improvement in training volume also appears to be reflected in the hormonal response to the exercise protocol. A greater anabolic hormone response (e.g., testosterone, growth hormone, and insulin) could have important implications in the repair and recovery of skeletal muscle after resistance exercise sessions and subsequently play a vital role in the muscle remodeling.
The significantly greater growth hormone response to the exercise protocol is similar to that of other studies that demonstrated the importance of training volume on growth hormone increases (17, 22) . Growth hormone secretion patterns have been shown to be responsive to changes in acid-base balance of muscle (14) . Although lactate concentrations IP were not significantly different, the 8% difference seen between S and P IP (p = 0.07) and the 9% difference (p = 0.11) seen in the AUC analysis does suggest a trend toward a greater metabolic strain associated with the higher training volume seen with S.
The response of testosterone in this study is similar to that found in other investigations that showed that differences in training volume can influence the total testosterone response to exercise (22) . However, the lack of any significant difference in total testosterone concentrations between S and P may be the result of the pre-exercise S as most studies examining the acute hormonal response to resistance exercise are conducted with subjects who initially fasted. Amino acid ingestion before exercise has been shown to attenuate the testosterone response to a resistance exercise session (7, 13, 19) . Protein supplementation before a workout may result in a decrease in secretion rates or an increase in metabolic clearance rates (19) . It has also been suggested that pre-exercise protein intake may lead to an increase in testosterone uptake by cells during exercise (32) . These mechanisms may have contributed to a possible reduction in the magnitude of the total testosterone response seen during this study and perhaps also explain the free testosterone response observed during the immediate and post-exercise recovery periods.
Most studies show elevated concentrations of cortisol during an acute resistance exercise session (24) . Increases in cortisol with S appear to reflect the higher training volumes seen during this training session. This is supported by other studies showing the sensitivity of cortisol to increases in training volume (28) . Although no differences in cortisol concentrations were observed between S and P, it has been suggested that carbohydrate ingestion could reduce the cortisol response to exercise due to a lower demand for gluconeogenesis (23) . The placebo was composed of 14.9 g of carbohydrate, which may have attenuated the cortisol response during that training session.
Insulin concentrations tend to parallel changes in blood glucose and amino acid concentrations (23) . Insulin has generally been seen to decrease during an acute bout of resistance exercise (23) ; however, when a protein S is consumed before exercise, insulin concentrations have been shown to be increased during the post-exercise period (19) . Increases in insulin concentrations seen IP with S appeared to reflect the amino acid content of the supplement.
PRACTICAL APPLICATIONS
In conclusion, the use of a pre-exercise energy S containing taurine, caffeine, and glucuronolactone consumed 10 minutes before resistance exercise appears to provide an enhanced training response that is reflected by increases in the number of repetitions performed and training volume. These changes appear to result in greater increases in growth hormone and insulin, indicating an augmented anabolic hormone response to such supplementation.
